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(54) Bicycle sprocket 



(57) A sprocket assembly (12) for a bicycle (10) is 
provided with at least one large sprocket (8) and at least 
one small sprocket. The large sprocket (S) is modified 
to allow a bicycle chain (23) to move smoothly from the 
large sprocket (S) to the small 1 sprocket during an up 
shift operation. The large sprocket (S) basically has a 
sprocket body (40) with a first axial side (40a) and a sec- 
ond axial side (40b), and a plurality of circumferentially 
spaced teeth (A3-K3) extending radially and outwardly 
from an outer periphery of the sprocket body (40). The 
teeth (A3-K3) of the sprocket (S) include a plurality of 



up shift teeth (A3-E3). The up shift teeth (A3-K3) have 
at least a first up shift tooth (A3), a second up shift tooth 
(B3) located adjacent the first up shift tooth (A3) and a 
third up shift tooth (C3) located adjacent the second up 
shift tooth (B3). The first, second and third up shift teeth 
(A3, B3, C3) are dimensioned to maintain alignment of 
a bicycle chain (23) to prevent an up shift of the chain 
(23) when an outer link plate (23b) of the bicycle chain 
(23) meshes with the second up shift tooth (B3), and to 
permit an up shift of the bicycle chain (23) when an inner 
link plate (23a) meshes with the second up shift tooth 
(B3) along a first up shift path. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] This Invention generally relates to a multistage 
sprocket assembly for a bicycle. More specifically, the 
present Invention relates to a sprocket assembly having 
at least one larger diameter sprocket and at least one 
smaller diameter sprocket with the teeth of at least the 
one larger diameter sprocket being dimensioned to al- 
low for smoother shifting of the bicycle chain between 
the smaller sprocket and the larger sprocket. 

2. Background Infomiation 

[0002] Bicycling is becoming an increasingly more 
popular form of recreation as well as a means of trans- 
portation. Moreover, bicycling has also become a very 
popular competitive sport for both amateurs and profes- 
sionals. Whether the bicycle is used for recreation, 
transportation or competition, the bicycle industry is 
constantly improving the various components of the bi- 
cycle. The drive train of the bicycle has been redesigned 
over the past years. Specifically, manufacturers of bicy- 
cle components have been continually improving shift- 
ing performance of the various shifting components 
such as the shifter, the shift cable, the derailleur. the 
chain and the sprocket. 

[0003] One particular component of the drive train that 
has been extensively redesigned is the sprocket assem- 
bly for the bicycle. More specifically, the bicycle sprocket 
assembly has been improved to provide smoother shift- 
ing. 

[0004] Conventionally, a multistage sprocket assem- 
bly includes a smaller diameter sprocket and a larger 
diameter sprocket assembled such that: (1) the center 
point between a pair of adjacent teeth at the larger di- 
ameter sprocket and the center point between a pair of 
adjacent teeth at the smaller diameter sprocket are po- 
sitioned on the tangent extending along the chain path; 
(2) a distance between the aforesaid center points is an 
integer multiple of the chain pitch; and (3) a first tooth 
of the larger diameter sprocket positioned behind the 
center point between the adjacent teeth at the larger di- 
ameter sprocket in the rotation direction for driving the 
bicycle is made to be easily engageable with the driving 
chain, thereby improving the speed change efficiency 
when the driving chain is shifted from the smaller diam- 
eter sprocket to the larger diameter sprocket. 
[0005] The drive chain is a continuous loop that has 
a plurality of inner link plates and a plurality of outer link 
plates that are pivotally connected to each other by ar- 
ticulation pins and rollers. The space between the op- 
posite surfaces of each pair of inner link plates is smaller 
than that between the opposite surfaces of each pair of 
outer link plates. In other words, each pair of the outer 



link plates is positioned outside the inner link plates and 
forms a space larger in width, while each pair of the inner 
link plates is positioned inside the outer link plates and 
form a space smaller in width. 

5 [0006] The driving chain constructed as described 
above is biased by a derailleur toward either a larger 
diameter sprocket or a smaller diameter sprocket so as 
to be shifted thereto. Specifically, during a chain shifting 
process, the chain is shifted from one sprocket to the 

10 next adjacent sprocket by the rear derailleur moving the 
chain in an axial direction relative to the axis of rotation 
of the sprockets. By modifying the teeth of the large 
sprocket, the chain can execute smooth down shifting 
or up shifting motions. An up shift occurs when the chain 

15 is moved from a large sprocket to the next smaller 
sprocket. A down shift occurs when the chain Is shifted 
from a small sprocket to the next larger sprocket. 
[0007] Basically, when the sprocket assembly is rotat- 
ed in a driving direction, the inner and outer link plates 

20 engage the teeth of one of the sprockets. In the case of 
a sprocket with an even number of teeth, the inner and 
outer link plates will always engage the same teeth, in 
the case of a sprocket with an odd number of teeth, the 
inner and outer link plates will alternately engage differ- 

25 ent teeth with each rotation of the sprocket assembly. 
Therefore, the teeth of the sprockets will alternately en- 
gage both the inner and outer link plates. The teeth of 
a sprocket with an odd number of teeth are typically de- 
signed to accommodate shifting with either the Inner or 

30 outer link plates engaging the up shift teeth. Thus, the 
teeth of the sprocket must have one shift path for the 
inner link plates and another shift path for the outer link 
plates. If the chain is shifted on the wrong shift path, the 
rider will most like experience pedaling shock. 

35 [0008] One example of an improved sprocket assem- 
bly is disclosed in U.S. Patent No. 4,889,521 to Nagano. 
While the sprocket assembly disclosed in the Nagano 
patent operates very well in shifting from a smaller 
sprocket to a larger sprocket, no provision has been 

40 made for shifting from a large sprocket to a small sprock- 
et. Moreover, Shimano introduced the Interactive Glide 
(IG) sprocket with the basic design of Shimano's Hyper- 
Glide (HG) sprocket plus uses new ramps and teeth 
configurations to control up shifts. 

45 [0009] One example of a sprocket Incorporating up 
shifting and downshifting paths is disclosed in U.S. Pat- 
ent No. 6,045,472 to Sung et al. The Sung et al. patent 
shows a sprocket designed to have two up shifting paths 
adjacent to each other. The Interactive Glide (IG) 

50 sprocket also has two up shift paths because of a com- 
bination problem of a sprocket with an even number of 
teeth and the outer link plates of the chain. In order to 
solve this problem, two up shifting paths were arranged 
adjacent so that one of the up shifting paths contributed 

55 for up shifting depending on the combination of the inner 
and outer links of the chain contacting the teeth of the 
sprocket. 

[0010] More specifically, referring to Figure 3 of the 
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Sjng etsl. patent, when the outer link plate of the chain 
meshes with tooth 13, the inner link plate of the chain is 
guided by 4B. However, when the outer link plate of the 
chain meshes with tooth 14, the inner link plate of the 
chain is guided by 4C. Accordingly, design of 4B and 4C 5 
are different. The radial position of 4C is higher than 4B 
to take up slack of the chain from the second up shift 
escape point to a second up shift engagement point. 
Consequently, up shifting performance in the first up 
shift path and the adjacent second up shift path is dif- 
ferent. One up shift path is superior to the other up shift 
path and such superior up shifting is so smooth that pe- 
daling shock can be prevented. However, the other up- 
shift path is not so smooth and pedaling shock can oc- 
cur. 

[0011] In the course of up shifting the chain from the 
large sprocket to the small sprocket, the chain may ride 
on a tooth crest of either the small or large sprocket thus 
interfering with the chain shift without proper phase ar- 
rangement between the teeth of the large and small 20 
sprockets. If this happens, the rider will most like expe- 
rience pedaling shock. 

[0012] In view of the above, there exists a need for an 
improved sprocket assembly assuring smooth and reli- 
able chain shift action from the large sprocket to the 25 
small sprocket. This invention addresses this need in 
the prior art as well as other needs, which will become 
apparent to those skilled in the art from this disclosure. 

SUMMARY OF THE INVENTION 30 

[0013] One object of the present invention is to pro- 
vide a sprocket that is designed to provide a superior up 
shifting path by modifying the sprocket teeth to assure 
smooth and reliable chain shift action from the large 35 
sprocket to the small sprocket. 
[0014] The rider can enjoy smooth up shifting without 
pedal shock during up shifting with a deraiileur. This im- 
proved multiple sprocket assembly has special advan- 
tages when used with motorized automatic shifting ^0 
mechanisms. 

[0015] One object of the present invention is to pro- 
vide a large sprocket that provides a smooth upshifting 
action between a large sprocket to a small sprocket. 
[0016] Another object of the present invention is to 45 
provide a sprocket assembly with at least one large 
sprocket and at least one small sprocket for shifting a 
chain from the large sprocket to the small sprocket rel- 
atively easily and reliably even under a heavy drive load. 
[001 7] The foregoing objects of the present invention 50 
can be attained by providing a large sprocket which has 
a sprocket body with a first axial side and a second axial 
side, and a plurality of circumferentially spaced teeth ex- 
tending radially and outwardly from an outer periphery 
of the sprocket body. The teeth of the sprocket include 55 
a plurality of up shift teeth. The up shift teeth have at 
least a first up shift tooth, a second up shift tooth located 
adjacent the first up shift tooth and a third up shift tooth 



located adjacent the second up shift tooth. The first, sec- 
ond and third up shift teeth are dimensioned to maintain 
alignment of a bicycle chain to prevent an up shift of the 
chain when an outer link plate of the bicycle chain mesh- 
es with the second up shift tooth, and to permit an up 
shift the bicycle chain when an inner link plate meshes 
with the second up shift tooth along a first up shift path. 
[0018] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
parent to those skilled in the art from the following de- 
tailed description, which, taken in conjunction with the 
annexed drawings, discloses a preferred embodiment 
of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Referring now to the attached drawings which 
form a part of this original disclosure: 

Figure 1 A is a side elevational view of a bicycle hav- 
ing a rear wheel with a sprocket assembly in accord- 
ance with the present Invention; 
Figure 1B is an enlarged partial, side elevational 
view of the handlebar and shift control unit of the 
bicycle illustrated in Figure 1 showing manual up 
shift and down shift controls; 
Figure 2 is a rear diagrammatic elevational view of 
the seven-stage sprocket assembly according to 
the present Invention; 

Figure 3 is a side elevational view of the seven- 
stage sprocket assembly in accordance with the 
present invention; 

Figure 4 is an enlarged partial top plan view of a 
portion of the chain that is used with the sprocket 
assembly illustrated in Figure 3 in accordance with 
the present invention; 

Figure 5 is a small sprocket side elevational view of 
the fifteen teeth sprocket for the sprocket assembly 
Illustrated in Figure 3; 

Figure 6 is a large sprocket side elevational view of 
the fifteen teeth sprocket illustrated in Figure 5 for 
the sprocket assembly illustrated in Figure 3; 
Figure 7A is a partial, large sprocket side elevation- 
al view of the first up shift tooth of the fifteen teeth 
sprocket Illustrated in Figures 5 and 6; 
Figure 7B Is a partial, overhead plan view of the first 
up shift tooth illustrated in Figure 7A for the fifteen 
teeth sprocket illustrated in Figures 5 and 6; 
Figure 7C is a partial, small side sprocket elevation- 
al view of the first up shift tooth illustrated in Figures 
7A and 7B for the fifteen teeth sprocket illustrated 
In Figures 5 and 6; 

Figure 8A is a partial, large sprocket side elevation- 
al view of the second up shift tooth of the fifteen 
teeth sprocket illustrated in Figures 5 and 6; 
Figure SB is a partial, overhead plan view of the sec- 
ond up shift tooth illustrated in Figure 8A for the fif- 
teen teeth sprocket Illustrated in Figures 5 and 6; 
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Figure 8C Is a partial, smal! sprocket side elevatlon- 
a! view of the second up shift tooth illustrated in Fig- 
ures 8A and 8B for the fifteen teeth sprocket illus- 
trated in Figures 5 and 6; 

Figure 9A is a partial, large sprocket side elevation- 5 
al view of the third up shift tooth of the fifteen teeth 
sprocket illustrated in Figures 5 and 6; 
Figure 9B is a partial, overhead plan view of the third 
up shift tooth illustrated in Figure 9A for the fifteen 
teeth sprocket illustrated in Figures 5 and 6; io 
Figure 9C is a partial, small sprocket side elevation- 
al view of the third up shift tooth illustrated in Figures 
9A and 9B for the fifteen teeth sprocket illustrated 
in Figures 5 and 6; 

Figure 1 0A is a partial, large sprocket side eleva- ^5 
tional view of the fourth up shift tooth of the fifteen 
teeth sprocket illustrated in Figures 5 and 6; 
Figure 10B is a partial, overhead plan view of the 
fourth up shift tooth illustrated in Figure 10A for the 
fifteen teeth sprocket illustrated in Figures 5 and 6; 20 
Figure 10C is a partial, small sprocket side eleva- 
tional view of the fourth up shift tooth illustrated in 
Figures 10A and 108 for the fifteen teeth sprocket 
illustrated in Figures 5 and 6; 

Figure 11 A is a partial, large sprocket side eleva- 25 
tional view of the fifth up shift tooth of the fifteen 
teeth sprocket illustrated in Figures 5 and 6; 
Figure 11 B is a partial, overhead plan view of the 
fifth up shift tooth illustrated in Figure 11 A for the 
fifteen teeth sprocket illustrated in Figures 5 and 6; 30 
Figure 11 C is a partial, small sprocket side eleva- 
tional view of the fifth up shift tooth illustrated in Fig- 
ures 11 A and 11 B for the fifteen, teeth sprocket il- 
lustrated in Figures 5 and 6; 

Figure 12 is a small sprocket side elevational view 35 
of the seventeen teeth sprocket for the sprocket as- 
sembly illustrated in Figure 3; 
Figure 13 is a large sprocket side elevational view 
of the seventeen teeth sprocket illustrated in Figure 
12 for the sprocket assembly illustrated in Figure 3; 40 
Figure 14 is a small sprocket side perspective view 
of the seventeen teeth sprocket illustrated in Fig- 
ures 12 and 13 for the sprocket assembly illustrated 
in Figure 3; 

Figure 15 is a large sprocket side perspective view ^5 
of the seventeen teeth sprocket illustrated in Fig- 
ures 12-14 for the sprocket assembly illustrated in 
Figure 3; 

Figure 16 is a small sprocket side elevational view 

of the twenty-one teeth sprocket for the sprocket as- 50 

sembly Illustrated in Figure 3; 

Figure 17 is a large sprocket side elevational view 

of the twenty-one teeth sprocket illustrated in Figure 

1 6 for the sprocket assembly illustrated in Figure 3; 

Figure 18 is a small sprocket side elevational view 55 

of the seventeen teeth sprocket and the twenty-one 

teeth sprocket coupled together; 

Figure 19 is a small sprocket side elevational view 



of the seventeen teeth sprocket and the tvventy-one 
teeth sprocket with a chain being up shifted from 
the twenty-one teeth sprocket to the seventeen 
teeth sprocket; 

Figure 20 is a partial edge elevational view of the 
up shift teeth of the fifteen teeth sprocket illustrated 
in Figures 5 and 6 for the sprocket assembly illus- 
trated in Figure 3; 

Figure 21 is a partial edge elevational view of the 
fifteen teeth sprocket illustrated in Figures 5 and 6 
for the sprocket assembly illustrated in Figure 3 with 
the first and third up shift teeth engaging Inner link 
plates to prevent the chain from up shifting to the 
thirteen teeth sprocket of the sprocket assembly il- 
lustrated in Figure 3; 

Figure 22 is a partial edge elevational view of the 
fifteen teeth sprocket illustrated in Figures 5 and 6 
for the sprocket assembly illustrated in Figure 3 with 
the first and third up shift teeth engaging outer link 
plates to permit up shifting of the chain to the thir- 
teen teeth sprocket of the sprocket assembly illus- 
trated In Figure 3; 

Figure 23 is a side elevational view of an eight-stage 
sprocket assembly in accordance with a second 
embodiment of the present invention; 
Figure 24 is a small sprocket side elevational view 
of the fifteen teeth sprocket of the sprocket assem- 
bly illustrated in Figure 23; 
Figure 25 Is a large sprocket side elevational view 
of the fifteen teeth sprocket of the sprocket assem- 
bly illustrated in Figures 23 and 24; 
Figure 26A is a partial, large sprocket side eleva- 
tional view of the integrated first up shift/second 
down shift tooth of the fifteen teeth sprocket illus- 
trated in Figures 24 and 25;' 
Figure 268 is a partial, overhead plan view of the 
integrated first up shift/second down shift tooth il- 
lustrated in Figure 26Aforthe fifteen teeth sprocket 
Illustrated in Figures 24 and 25; 
Figure 26C is a partial, small sprocket side eleva- 
tional view of the integrated first up shift/second 
down shift tooth illustrated in Figures 26A and 268 
for the fifteen teeth sprocket illustrated in Figures 
24 and 25; 

Figure 27A is a partial, large sprocket side eleva- 
tional view of the integrated second up shift/third 
down shift tooth of the fifteen teeth sprocket illus- 
trated in Figures 24 and 25; 
Figure 278 is a partial, overhead plan view of the 
integrated second up shift/third down shift tooth il- 
lustrated in Figure 27A for the fifteen teeth sprocket 
illustrated In Figures 24 and 25; 
Figure 27C is a partial, small sprocket side eleva- 
tional view of the integrated second up shift/third 
down shift tooth illustrated in Figures 27A and 27B 
for the. fifteen teeth sprocket illustrated in Figures 
24 and 25; 

Figure 28A is a partial, large sprocket side eleva- 
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tional view of the third up shift tooth of the fifteen 
teeth sprocket iliustrated in Figures 24 and 25; 
Figure 28B is a partial, overhead plan view/ of the 
third up shift tooth illustrated in Figure 28A for the 
fifteen teeth sprocket illustrated in Figures 24 and 5 
25; 

Figure 28C is a partial, small sprocket side eleva- 
tional view of the third up shift tooth illustrated in 
Figures 28A and 28B for the fifteen teeth sprocket 
illustrated in Figures 24 and 25; 
Figure 29A is a partial, large sprocket side eleva- 
tlonal view of the fourth up shift tooth of the fifteen 
teeth sprocket illustrated in Figures 24 and 25; 
Figure 29B is a partial, overhead plan view of the 
fourth up shift tooth illustrated in Figure 29A for the ^5 
fifteen teeth sprocket illustrated in Figures 24 and 
25; 

Figure 29C is a partial, small sprocket side eleva- 
tional view of the fourth up shift tooth Illustrated in 
Figures 29A and 29B for the fifteen teeth sprocket 20 
illustrated in Figures 24 and 25; 
Figure 30A Is a partial, large sprocket side eleva- 
tional view of the fifth up shift tooth of the fifteen 
teeth sprocket illustrated in Figures 24 and 25; 
Figure 30B is a partial, overhead plan view of the 25 
fifth up shift tooth illustrated in Figure 30A for the 
fifteen teeth sprocket illustrated in Figures 24 and 
25; 

Figure 30C is a partial, small sprocket side eleva- 
tional view of the fifth up shift tooth illustrated in Fig- 30 
ures 30A and 30B for the fifteen teeth sprocket il- 
lustrated in Figures 24 and 25; 
Figure 31 is a small sprocket side elevational view 
of the seventeen teeth sprocket for the sprocket as- 
sembly illustrated In Figure 23; 35 
Figure 32 is a large sprocket side elevational view 
of the seventeen teeth sprocket illustrated in Figure 
31 for the sprocket assembly Illustrated in Figure 
23; 

Figure 33 is a small sprocket side elevational view 40 
of the twenty-one teeth sprocket for the sprocket as- 
sembly illustrated in Figure 23; 
Figure 34 is a large sprocket side elevational view 
of the twenty-one teeth sprocket illustrated in Figure 
33 for the sprocket assembly illustrated in Figure 45 
23; 

Figure 35 is a small sprocket side elevational view 
of the twenty-five teeth sprocket for the sprocket as- 
sembly illustrated in Figure 23; 
Figure 36 is a large sprocket side elevational view so 
of the twenty-five teeth sprocket Illustrated in Figure 
35 for the sprocket assembly illustrated in Figure 
23; 

Figure 37 is a partial edge elevational view of the 
up shift teeth of the fifteen teeth sprocket illustrated 55 
In Figures 24 and 25 for the sprocket assembly il- 
lustrated In Figure 23; 

Figure 38 is a partial edge elevational view of the 



fifteen teeth sprocket Illustrated in Figures 24 and 
25 for the sprocket assembly illustrated in Figure 23 
with the first and third up shift teeth engaging inner 
link plates to prevent the chain from up shifting to 
the thirteen teeth sprocket of the sprocket assembly 
illustrated in Figure 23; 

Figure 39 is a partial edge elevational view of the 
fifteen teeth sprocket illustrated in Figures 24 and 
25 for the sprocket assembly illustrated in Figure 23 
with the first and third up shift teeth engaging outer 
link plates to permit up shifting of the chain to the 
thirteen teeth sprocket of the sprocket assembly il- 
lustrated in Figure 23; 

Figure 40 is a small sprocket side elevational view 
of an even numbered teeth sprocket in accordance 
with the present invention; and 
Figure 41 is a large sprocket side elevational view 
of the even numbered teeth sprocket illustrated in 
Figure 40. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Referring initially to Figure 1 A, a conventional 
bicycle 10 is illustrated with a rear bicycle hub 11 having 
a multi-stage sprocket assembly 12 in accordance with 
the present invention. The bicycle 10 basically has a 
frame 14 with front and rear wheels 15 and 16 rotatably 
coupled thereto. A front fork 17 is coupled between the 
frame 14 and the front wheel 15 in a conventional man- 
ner. Turning a handlebar 18, which is fixedly coupled to 
the front fork 1 7, turns the front wheel 1 5. The rear wheel 
16 is rotatably coupled to a rear portion of the frame 14, 
The frame 14 also has a seat 19 adjustably coupled to 
frame 14 and a drive train 20 for propelling bicycle 10. 
[0021] The drive train 20 basically includes the rear 
multi-stage sprocket assembly 12 of the present inven- 
tion, a pair of pedals 21 , a front multi-stage sprocket as- 
sembly 22 mounted to rotate with the pedals 21 , and a 
chain 23 extending between the rear multi-stage sprock- 
et assembly 12 and the front multi-stage sprocket as- 
sembly 22. The drive train 20 is basically operated by 
an electronically controlled automatic shifting assembly. 
The electronically controlled automatic shifting assem- 
bly basically includes a shift control unit 25, a junction 
box or connection unit 26, a motorized front derailleur 
27, and a motorized rear derailleur or chain shifting de- 
vice 28. 

[0022] The shift control unit 25 includes a microcom- 
puter formed on a printed circuit board that is powered 
by a battery unit. The microcomputer of shift control unit 
25 includes a central processing unit (CPU), a random 
access memory component (RAM), a read only memory 
component (ROM), and an I/O interface. The shift con- 
trol unit 25 is preferably automatic as discussed in more 
detail below. The various components of the microcom- 
puter are well known in the bicycle field. Therefore, the 
components used in the microcomputer of the shift con- 
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tro! unit 25 wil' not be discussed or illustrated in detail 
herein. .ViOreover. it will be apparent to those skilled in 
the art from this disclosure that the shift control unit 25 
can include various electronic components, circuitry and 
mechanical components to carryout the present inven- 
tion. 

[0023] The shift control unit 25 also preferably in- 
cludes manual down and up shift buttons or levers 25a 
and 25b. respectively, for manually operating the front 
and/or rear derailleurs 27 and 28. as seen in Figure 1B. 
A protrusion 25c is arranged between buttons 25a and 
25b to provide a reference point for the rider's thumb or 
finger relative to buttons 25a and 25b. The shift control 
unit 25 further includes at least one sensing/measuring 
device or component that provides information to its 
central processing unit. The sensing/measuring compo- 
nent generates predetermined operational commands. 
Thus, the sensing/measuring components are opera- 
tively coupled to central processing unit of the shift con- 
trol unit 25 such that predetermined operational com- 
mands are received by the central processing unit 
(CPU). 

[0024] The shift control unit 25 sends a signal to the 
front derailleur 27 and/or rear derailleur 28 via connec- 
tion unit 26 for automatic shifting. The connection unit 
preferably includes a single power input for receiving 
signals from the shift control unit 25 and a pair of power 
outputs for sending signals to the front and/or rear de- 
railleurs 27 and 28. The power input operatively couples 
the shift control unit 25 to the connection unit 26. Pref- 
erably, one power output operatively couples front de- 
railleur 27 to connection unit 26 and the other power out- 
put operatively couples to rear derailleur 28 to connec- 
tion unit 26. 

[0025] One type of sensing/measuring component 
that can be used to operate the shift control unit 25 is a 
speed sensing unit. The shift control unit 25, and the 
connection unit 26 are operatively coupled to the speed 
sensing unit, which includes a sensor 29 and a magnet 
30. The sensor 29 is preferably a magnetically operable 
sensor that is mounted on the front fork 1 7 and senses 
the magnet 30 that is attached to one of the spokes of 
the front wheel 15. Thus, speed information is sent to 
the battery operated electronic shift control unit 25. The 
bicycle speed sensor 29 is coupled to the front fork 17 
of bicycle 10. This bicycle speed sensor 29 outputs a 
bicycle speed signal by detecting the magnet 30 mount- 
ed on the front wheel 1 5. The sensor 29 has a front reed 
switch or other component for detecting the magnet 30 
rotating with the wheel 1 5. Sensor 29 generates a pulse 
each time wheel 15 has turned a pre-described angle 
or rotation. As soon as sensor 29 generates the pulse 
or signal, a pulse signal transmission circuit sends this 
pulse signal to the central processing unit of the shift 
control unit 25 to determine whether the chain 23 should 
be up shifted or down shifted. Thus, the sensor 29 and 
the magnet 30 form a sensing device or measuring com- 
ponent of the shift control unit 25. In other words, the 



sensor 29 detects the rotational velocity of the front 
wheel 15. 

[0026] The multiple sprocket assembly 12 of the 
present invention is especially useful when used in con- 

5 junction with the automatic shifting assembly that oper- 
ates the motorized rear derailieur 28. One example of 
an automatic shifting assembly that can be utilized with 
the present invention is disclosed in U.S. Patent No. 
6,073,061 to Kimura, which is assigned to Shimano Inc. 

10 [0027] In such a device, when the bicycle speed ex- 
ceeds a predetermined upper speed value, then the au- 
tomatic shifting assembly actuates the rear derailleur 28 
to move the chain 23 in an up shifting direction. When 
the bicycle speed becomes lower than a predetermined 

15 lower speed value, then the automatic shifting assembly 
actuates the rear derailleur 28 to move the chain 23 in 
a down shifting direction. When the automatic shifting 
assembly is set to manual shifting, the rider can antici- 
pate when is the best time to shift the rear derailleur 28 

20 so as to minimize sudden pedaling shock. However, 
when the automatic shifting assembly is in the automatic 
mode, the rider cannot predict when the shifting will oc- 
cur. Therefore, the rider cannot prevent the rear derail- 
leur 28 from shifting at a point when sudden pedaling 

25 shock is highly likely. However, using the multiple 
sprocket assembly 12 of the present invention, sudden 
pedaling shock is reduced or eliminated even when the 
automatic shifting assembly is in the automatic shifting 
mode. 

30 [0028] Since the parts of the bicycle 1 0 and the drive 
train 20 are well known in the bicycle art, these parts of 
the bicycle 1 0 will not be discussed or illustrated in detail 
herein, except as they are modified in accordance with 
the present invention. Moreover, various conventional 

35 bicycle parts such as brakes, additional sprockets, etc., 
which are not illustrated and/or discussed in detail here- 
in, can be used in conjunction with the present invention. 
[0029] As used herein, the terms "forward, rearward, 
above, below, lateral and transverse" refer to those di- 

40 rectionsof a bicycle in its normal riding position, to which 
the sprocket assembly 12 Is attached. Accordingly, 
these terms, as utilized to describe the sprocket assem- 
bly 12 in the claims, should be interpreted relative to bi- 
cycle 10 in its normal riding position. 

45 

FIRST EMBODIMENT 

[0030] Referring now to Figures 2 and 3, the sprocket 
assembly 12 wil! now be discussed in accordance with 

50 a first embodiment of the present invention. In this first 
embodiment, the sprocket assembly 12 is a seven stage 
sprocket assembly with sprockets - S7 being spaced 
from each other at a predetermined interval. The sprock- 
ets S^ - S7 are fixedly mounted on a freewheel (not 

55 shown) of the rear hub 11 in a conventional manner such 
that the sprockets S^ - Sj rotate together about the cent- 
er hub axis O. The sprockets S^ - S7 rotate together in 
a clockwise direction R as view in Figure 3. 
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!t vv::: be apparent to those skilled in the bicycie 
art frorr. this disclosure that a sprocket assembly in ac- 
cordance with the present Invention can have fewer or 
more sprockets, in other words, the present invention 
can be any multi-stage sprocket assembly for a bicycle 
that uses a deraiileur or the like, and which includes at 
least one large sprocket and at least one small sprocket. 
[0032] The multistage sprocket assembly 1 2 is adapt- 
ed to engage with the drive chain 23. which is a conven- 
tional style bicycle chain as seen in Figure 4. The drive 
chain 23 is a continuous loop that has a plurality of inner 
link plates 23a and a plurality of outer link plates 23b 
that are pivotally connected to each other by articulation 
pins and rollers. During a chain shifting process, the 
chain 23 is shifted from one sprocket to the next adja- 
cent sprocket by the rear deraiileur 28 moving the chain 
23 in an axial direction relative to the axis of rotation of 
the sprockets - S7. By modifying the teeth of the large 
sprocket, the chain 23 can execute smooth down shift- 
ing or up shifting motions. 

[0033] Referring now to Figure 2, the sprocket assem- 
bly 12 is diagrammatically illustrated to show the direc- 
tions of an up shift and a down shift. Specifically, an up 
shift occurs when the chain 23 is moved from a large 
sprocket to the next smaller sprocket. A down shift oc- 
curs when the chain 23 is shifted from a small sprocket 
to the next larger sprocket. 

[0034] Basically, when the sprocket assembly 12 is 
rotated in a clockwise direction R as viewed in Figure 3, 
the inner and outer link plates 23a and 23b engage the 
teeth of one of the sprockets. In the case of a sprocket 
with an even number of teeth, the inner and outer link 
plates 23a and 23b will always engage the same teeth. 
In the case of a sprocket with an odd number of teeth, 
the inner and outer link plates 23a and 23b will alter- 
nately engage different teeth with each rotation of the 
sprocket assembly 12. Therefore, the teeth of the 
sprockets S3, S4 and S5 (all having an odd number of 
teeth) will alternately engage both the inner and outer 
link plates 23a and 23b. The teeth of the sprockets S3, 
S4 and S5 are especially designed such that an up shift 
operation only occurs when one of the inner link plates 
23 engages a selected tooth of the sprocket, as dis- 
cussed below. 

[0035] In first embodiment, the multistage sprocket 
assembly 12 of the Invention has a teeth configuration 
of 11T-13T-15T-17T-21T-27T-33T for the sprockets S^ - 
S7, respectively. Of course, it will be apparent to those 
skilled in the bicycle art from this disclosure that the 
sprockets S-, - S7 can have other teeth configurations. 
The present invention is optimized for a sprocket having 
a total number of teeth equaling an odd number. Of 
course, it will be apparent to those skilled in the bicycle 
art that the sprockets of the present invention can be 
configured with a total number of teeth equaling an even 
number, as discussed below. The sprockets S^-Sj are 
preferably constructed of a suitable rigid material such 
as a metallic material. 



[0C36] The axial widths of the sprockets S-i - S7 and 
the lateral spacing between the inner link plates 23a of 
the chain 23 are dimension to control the up shifting of 
the chain 23 as explained below. For example, the chain 

5 23 has a lateral spacing between the inner link piates 
23a of approximately 2.5 millimeters, while the sprock- 
ets Si - S7 preferably have an axial width of approxi- 
mately 2.3 millimeters for the seven stage sprocket as- 
sembly 12. For an eight stage sprocket assembly (i.e., 

10 sprocket assembly 12* of the second embodiment), the 
axial width is preferably approximately 2.1 millimeters, 
as discussed in more detail. 

[0037] For the sake of brevity, only the sprockets S3. 
S4 and S5 will be discussed and/or illustrated in detail 

15 herein when discussing the first embodiment of bicycle 
sprocket assembly 12 in accordance with the present 
invention. Of course, it will be apparent to those skilled 
in the bicycle art that the principles of the present inven- 
tion as discussed relative to sprockets S3-S5 can be ap- 

20 plied to the other sprockets (i.e., S^, S2, Sg and S7) of 
the sprocket assembly 12. 

[0036] Referring now to Figures 5 and 6. the sprocket 
S3 basically has a sprocket body 40 and a plurality (fif- 
teen) of circumferentially spaced teeth A3-K3 extending 

25 radially and outwardly from an outer periphery of the 
sprocket body 40. The term "outer periphery of the 
sprocket body" as used herein lies on a circle that cor- 
responds to the root diameter of teeth A3-K3. The 
sprocket body 40 has a first axial side or small sprocket 

30 side 40a that faces the next smaller sprocket S2 and a 
second axial side or large sprocket side 40b that faces 
the next larger sprocket S4. The center of the sprocket 
S3 is provided with a splined bore 40c that is mounted 
on the freewheel (not shown) ofthe rear hub 11 inacon- 

35 ventional manner. For convenience sake, the teeth of 
the sprocket S3 have been labeled alphabetically in a 
counterclockwise direction relative to the direction of ro- 
tation R of the sprocket S3 with substantially identical 
teeth typically having the same reference character. The 

40 teeth of the sprockets S4 and S5 will use similar nomen- 
clature for the teeth that are substantially identical to 
teeth ofthe sprocket S3. 

[0039] As explained below, selected teeth of sprocket 
S3 are trimmed so that the chain 23 can be smoothly up 

<5 shifted or down shifted to the adjacent sprockets S2 and 
S4. The consecutive teeth A3-E3 are up shift teeth that 
work together to control the up shifting of the chain 23 
and fomn a first up shift path. The consecutive teeth F3 
- 13 are down shift teeth that work together to control the 

50 down shifting of the chain 23 and form a first down shift 
path. While the sprocket S3 is illustrated with only one 
up shift path and only one down shift path, it will be ap- 
parent to those skilled in the bicycle art from this disclo- 
sure that the sprocket S3 can be provided with two up 

55 shift paths and two down shift paths. 

[0040] When the chain 23 is shifted from a first sprock- 
et such as sprocket S3 to the next smaller or larger 
sprocket such as sprocket S2 or S4, the center point of 
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th3 last roller that engages with the first sprocket is re- 
ferred to as the escape point, and the center of the first 
rolier that engages with the receiving sprocket is re- 
fe^ed to as the engagement point. The chain links be- 
tween the escape point and the engagement point form 
the up shift path or the down shift path of the chain during 
a chain shifting process. 

[0041 J Referring to Figures 1 8 and 1 9, the shifting mo- 
tion of the chain 23 will now be discussed in more detail. 
In an up shifting operation, the chain 23 is shifted from 
the larger sprocket S5 to the smaller sprocket S4. in this 
up shifting process, the larger sprocket S5 is considered 
the original sprocket, and thus, the smaller sprocket S4 
is considered the receiving sprocket. The larger sprock- 
et S5 has the up shifting escape point P^, while the 
smaller sprocket S4 has the up shifting engagement 
point P2 In the down shifting process, the smaller 
sprocket S4 is considered the original sprocket, and 
thus, the larger sprocket S5 is considered the receiving 
sprocket. The smaller sprocket S4 has the down shifting 
escape point P3, and the larger sprocket S5 has the 
down shifting engagement point P4. 
[0042] The angle fonned by the escape point and the 
engagement point to the center O of the sprocket as- 
sembly 12 is defined as the phase angle between the 
larger sprocket S5 and the smaller sprocket S4. In the 
down shifting motion this phase angle is referred to as 
the down shifting phase angle, while in the up shifting 
motion this phase angle is referred to as the up shifting 
phase angle. 

[0043] The down shift teeth F3 - 13 are relatively con- 
ventional and configured substantially in accordance 
with U.S. Patent No. 4,889,521 to Nagano. Thus, the 
configurations and functions of the down shift teeth F3 
- 13 will not be discussed or illustrated in detail herein. 
Similarly, the configurations and functions of the remain- 
ing teeth J3 - K3 are also not as important to the present 
invention. Accordingly, the configurations and functions 
of the remaining teeth J3 - K3 will not be discussed or 
illustrated in detail herein. Rather, the following descrip- 
tion will focus on the configuration and function of the 
up shift teeth A3-E3. 

[0044] The up shift teeth A3-E3 are trimmed so that 
the chain 23 can be smoothly up shifted to the adjacent 
sprocket 82- More specifically, the tooth A3 is a first up 
shift tooth. The tooth B3 is a second up shift tooth located 
adjacent the first up shift tooth A3. The tooth C3 is a third 
up shift tooth located adjacent the second up shift tooth 
B3. The tooth D3 is a fourth up shift tooth located adja- 
cent the third up shift tooth C3. The tooth E3 is a fifth up 
shift tooth located adjacent the fourth up shift tooth D3. 
[0045] The first, second and third up shift teeth A3-C3 
are further dimensioned to prevent an up shifting of the 
chain 23 when a pair of the outer link plates 23b of the 
bicycle chain 23 meshes with the second up shift tooth 
B3. In particular, A3 and C3 are dimensioned to maintain 
alignment of the bicycle chain 23 with the sprocket body 
40 to prevent an up shifting of the chain 23 when a pair 



of the outer link plates 23b of the bicycie chain 23 mesh- 
es with the second up shift tooth 83. However, the first, 
second and third up shift teeth A3 - C3 are further din?.en- 
sioned to permit the up shifting of the bicycle chain 23 

5 when a pair of inner link plates 23a meshes with the sec- 
ond up shift tooth B3. in other words, the sprocket S3 
has an odd number of teeth, and thus, the inner and out- 
er link plates 23a and 23b will alternately engage differ- 
ent teeth with each rotation of the sprocket assembly 

10 1 2. Therefore, the teeth of the S3, will alternately engage 
both the inner and outer link plates 23a and 23b and will 
only permit up shifting if a pair of inner link plates 23a 
meshes with the second up shift tooth 83. 
[0046] Referring now to Figures 7A-7C. the first up 

15 shift tooth A3 preferably has a base portion defined by 
a pair of flat side surfaces (up shift surfaces) 41a and 
41 b, and a tip portion defined by a pair of angled surfac- 
es 42a and 42b. The angled or tapered surfaces 42a 
and 42b extend to a centrally located circumferential tip 

20 surface 43. A tooth tip is formed by the two angled sur- 
faces 42a and 42b and the circumferential tip surface 
43. 

[0047] The flat side surfaces 41 a and 41b extend ra- 
dially outwardly from the outer periphery of the sprocket 

25 body 40 and are substantially parallel to the sprocket 
sides 40a and 40b of the sprocket body 40. The two of 
flat side surfaces 41a and 41b are also preferably sub- 
stantially level or aligned with the small and large 
sprocket sides 40a and 40b, respectively. The flat side 

30 surfaces 41a and 41 b of the first up shift tooth A3 form 
a chain alignment portion of the first up shift tooth A3. In 
other words, when a pair of inner link plates 23a are lo- 
cated on the first up shift tooth A3, the flat side surfaces 
41 a and 41b engage the inner link plates 23a to prevent 

35 lateral or axial movement of the chain 23 relative to the 
sprocket body 40. 

[0048] The tooth tip of the first up shift tooth A3 is il- 
lustrated as a common or regular tooth tip. In other 
words, the tip surface 43 is centrally located midway be- 
40 tween the sprocket sides 40a and 40b, and extends par- 
allel to the sprocket sides 40a and 40b. Alternatively, 
one or both of the fiat side surfaces 41 a and 41 b can be 
trimmed to form chamfered surfaces such as shown in 
Figure 7 of U.S. Patent No. 4,889.521 to Nagano. Also, 
<5 the tip surface 43 can be offset to the small sprocket 
side 40a of the sprocket body 40 such as in the second 
embodiment of the present invention. 
[0049] Referring now to Figures 8A-8C, the second 
up shift tooth 83 is configured to permit chain 23 to shift 
50 to the small sprocket side 40a of the sprocket body 40 
when a pair of inner link plates 23a are engaged there- 
with. The second up shift tooth 83 preferably has a base 
portion defined by a pair of flat side surfaces 45a and 
45b, and a tip portion defined by a pair of angled surfac- 
es es 46a and 46b. The angled or tapered surfaces 46a 
and 46b extend to a circumferential extending tip sur- 
face 47. The two angled surfaces 46a and 46b can be 
trimmed to form chamfered surfaces that allow the chain 
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23 to easily move on o^ off of the tooth B3. 
[C05D' A tooth tip is formed by the two angled surfaces 
46a and 46b and the circumferential tip surface 47. In 
this embodiment, the tip surface 47 extends substantial- 
ly parallel to the sprocket sides 40a and 40b of the 5 
sprocket body 40. Moreover, the tip surface 47 is offset 
to the small sprocket side 40a of the sprocket body 40 
as seen in Figure 8B. 

[0051] The flat side surfaces 45a and 45b extend ra- 
dially outwardly from the outer periphery of the sprocket ^ 0 
body 40, and are substantially parallel to the sprocket 
sides 40a and 40b of the sprocket body 40. The flat side 
surface 45a is also preferably substantially level or 
aligned with the small sprocket side 40a. The flat side 
surface 45b, on the other hand, is recessed from the ^5 
large sprocket side 40b to form an up shift lean recess 
48. 

[0052] The up shift lean recess 48 that is sized to ac- 
commodate one of the inner link plates 23a. In other 
words, the up shift lean recess 48 allows the inner link 20 
plate 23a of the chain 23 to shift to the small sprocket 
side 40a of the sprocket body 40 as seen in Figure 22. 
Thus, the up shift lean recess 48 allows the chain 23 to 
be shift laterally or axially relative to the small sprocket 
side 40a of the sprocket body 40 to permit an up shift. 25 
The up shift lean recess 48 is preferably circumferen- 
tially slanted to become deeper as the up shift lean re- 
cess 48 approaches the third up shift tooth C3. The outer 
periphery of the sprocket body 40 defines a root diam- 
eter of the second up shift tooth B3, with the up shift lean 30 
recess 48 being located mainly radially outward of the 
root diameter. A portion of the up shift lean recess 48 
also lies inside of the root diameter of the second up 
shift tooth 83 to form an inner link plate escape 49. The 
inner link plate escape 49 has a curvature that substan- 35 
tially matches the curvature of the portions of the inner 
link plates 23a the contact this area. 
[0053] Referring now to Figures 9A-9C, preferably, 
the third up shift tooth C3 has a base portion defined by 
a pair of flat side surfaces 51a and 51b, and a tip portion 40 
defined by a pair of angled surfaces 52a and 52b and a 
flat radially extending surface 52c. The angled surfaces 
52a and 52b and radially extending surface 52c con- 
verge to form a circumferentially extending tip surface 
53. A tooth tip is formed by these surfaces 52a, 52b, 52c 
and 53. 

[0054] The flat side surfaces 51a and 51 b extend ra- 
dially outwardly from the outer periphery of the sprocket 
body 40 and are substantially parallel to the sprocket 
sides 40a and 40b of the sprocket body 40. The two of 50 
flat side surfaces 51a and 51b are also preferably sub- 
stantially level or aligned with the small and large 
sprocket sides 40a and 40b, respectively. The flat side 
surfaces 51a and 51b of the third up shift tooth C3 form 
a chain alignment portion of the third up shift tooth C3. 55 
In other words, when a pair of inner link plates 23a are 
located on the third up shift tooth C3. the flat side sur- 
faces 51a and 51b engage the inner link plates 23a to 



prevent lateral or axial movement of the chain 23 relative 
to the sprocket body 40. Since the first and third up shift 
teeth A3 and C3 are only spaced apart by the second up 
shift tooth 83, the first and third up shift teeth A3 ana C3 
both either engage the inner link plates 23a of the chain 
23 or the outer link plates 23b of the chain 23. When the 
inner link plates 23a of the chain 23 are engaged with 
the first and third up shift teeth A3 and C3, the chain 23 
can not shift laterally into the up shift lean recess 48 of 
the second up shift tooth 83. 

[0055] The angled surfaces 52a and 52b and radially 
extending surface 52c form a notch top that guides the 
inner link plates 23a toward the larger sprocket side 40b, 
the link plates 23a are engaging the third up shift tooth 
C3. This further ensures that the chain 23 will not be up 
shifted when the link plates 23a are engaging the third 
up shift tooth C3. 

[0056] The tooth tip surface 53 extends substantially 
parallel to the sprocket sides 40a and 40b of the sprock- 
et body 40. Moreover, the tip surface 53 is offset to the 
small sprocket side 40a of the sprocket body 40 as seen 
in Figure 98. 

[0057] Referring now to Figure 9C, the third up shift 
tooth C3 has a pitch formed between the third up shift 
tooth C3 and the fourth up shift tooth D3 that is larger 
than the pitch formed between the second up shift tooth 
83 and the third up shift tooth C3. In other words, the 
rearward edge of the third up shift tooth C3 is trimmed 
so that the width W.| of the third up shift tooth C3 is small- 
er than the other up shift teeth that have a width W2. 
[0058] Referring now to Figures 1 0A-IOC, the fourth 
up shift tooth D3 is configured with an inner link plate 
escape to permit chain 23 to slide between sprockets 
S3 and S2 during an up shift. Specifically, the fourth up 
shift tooth D3 has a base portion defined by a pair of flat 
side surfaces 55a and 55b that extend radially outwardly 
from the outer periphery of the sprocket body 40 and 
are substantially parallel to the sprocket sides 40a and 
40b of the sprocket body 40. The small sprocket side 
40a of the fourth up shift tooth D3 further has a further 
recessed surface 58 that extends radially outwardly 
from the outer periphery of the sprocket body 40 and is 
substantially parallel to the sprocket sides 40a and 40b 
of the sprocket body 40. 

[0059] The flat side surface 55a forms an inner link 
plate guide surface. The Inner link plate guide surface 
55a is recessed from the small sprocket side 40a of the 
sprocket body 40. The large sprocket side 40b of the 
fourth up shift tooth D3 has a flat side surface 55b that 
extends radially outwardly from the outer periphery of 
the sprocket body 40 and is substantially parallel to the 
sprocket sides 40a and 40b of the sprocket body 40. 
The flat side surface 55b is also preferably substantially 
level or aligned with the large sprocket side 40b. 
[0060] Chamfered surfaces 56a and 56b taper out- 
wardly from the inner link plate guide surface 55a and 
the flat side surface 55b to a circumferential tip surface 
57. The tip surface 57 Is thinner than the tip surface 43 
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0* ths f "St up sh:^ tooth A3. The tip surface 57 extends 
substantially parallel to the sprocket sides 40a and 40b 
0* the sprocket body 40. Moreover, the tip surface 57 is 
offset to the large sprocket side 40b o* the sprocket body 
40 as seen in Figure 10B. 

[0061] The chamfered surface 56a fornns an inner link 
plate top guide surface that urges the chain towards the 
small sprocket side 40a when the inner link plates 23a 
engage the fourth up shift tooth D3. 
[0062] At the Inner edge of the inner link plate guide 
surface 55a is a curved surface 59 that forms the inner 
link plate escape to permit chain 23 to slide between 
sprockets S3 and S2 during an up shift. The curved sur- 
face 59 has a curvature that substantially matches the 
curvature of the portion of the inner link plates 23a that 
contact this area. 

[0063] Referring now to Figures 11A-11C. the fifth up 
shift E3 preferably has a base portion defined by a pair 
of flat side surfaces 61 a and 61b and one angled surface 
62b extending from the flat side surface 61b to form a 
circumferentially extending tip surface 63. As seen in 
Figures 11 A and 11 B, the angled surface 62b can be 
trimmed to form chamfered surfaces that allow the chain 
23 to easily move on or off of the tooth E3. The tip surface 
63 is disposed adjacent the large sprocket side 40b of 
the sprocket S3. Preferably, the tip surface 63 of the 
tooth E3 extends parallel to the first and second axial 
sides 40a and 40b of the sprocket body 40 and is offset 
to the large sprocket side 40b of the sprocket S3. 
[0064] The flat side surfaces 61 a and 61b extend ra- 
dially outwardly from the outer periphery of the sprocket 
body 40. and are substantially parallel to the sprocket 
sides 40a and 40b of the sprocket body 40. The flat side 
surface 61b is also preferably substantially level or 
aligned with the large sprocket side 40b. The flat side 
surface 61a, on the other hand, is recessed from the 
small sprocket side 40a. Thus, the side surface 61a on 
the small sprocket side 40a of the tooth E3 lies on the 
same level as recessed surface 58 of the fourth up shift 
tooth D3 to form an outer link plate escape or a second 
up shift recess. 

[0065] The five consecutive teeth F3 - 13 are down shift 
teeth that work together to control the down shifting of 
the chain 23 and form a first down shift path. The down 
shift teeth F3 - 13 are disposed Immediately behind the 
up shift teeth A3-E3 relative to the direction of rotation R. 
[0066] Referring again to Figures 5 and 6, the down 
shift tooth F3 has a first down shift guide recess 71 
formed in the small sprocket side 40a of down shift tooth 
F3. The down shift tooth G3 has a second down shift 
guide recess 72 formed in the small sprocket side 40a 
of down shift tooth G3. In this embodiment, second down 
shift guide recess 72 is deeper than the first down shift 
guide recess 71 relative to the small sprocket side 40a 
of the sprocket body 40. 

[0067] The down shift tooth H3 is considered the first 
down shift tooth in that it is designed to be the first down 
shift tooth to catch or fully engage the chain 23. The 



small sprocket side 40a of down shift tooth H3 has a 
base portion with a fiat surface 80a and a recess 81a. 
The fiat surface 80a extends radially outwardly from the 
outer periphery of the sprocket body 40 and is substan- 

5 tially parallel to the sprocket sides 40a and 40b of the 
sprocket body 40. The fiat side surface 80a is also pref- 
erably substantially level or aligned with the small 
sprocket side 40a. The recess 81a is preferably slanted 
to be deeper on the edge that is closest to the down shift 

10 teeth I3. The down shift tooth H3 preferably has a first 
down shift lean recess 81b formed on the large sprocket 
side 40b of the sprocket body 40. The first down shift 
lean recess 81b is preferably slanted to be deeper on 
the edge that Is closest to the down shift teeth G3. 

15 [0068] Each of down shift teeth I3 preferably has a 
base portion with a fiat surface 84a that extends radially 
outwardly from the outer periphery of the sprocket body 
40. The fiat surface 84a is angled relative to the sprocket 
side 40a of the sprocket body 40. The fiat side surface 

20 84a is preferably slanted to be deeper on the edge that 
is closest to the down shift teeth H3. 
[0069] Each of teeth J3 preferably has a recess 85a 
on the small sprocket side 40a of the sprocket body 40. 
These recesses 85a are designed to prevent interfer- 

25 ence with the inner link plates 23a during down shifting 
of the chain 23. In other words, the chain 23 is twisted 
to curve laterally during a down shifting from the smaller 
sprocket S2 to the larger sprocket S3. This twisting of 
the chain 23 causes the outer link plates of chain 23 to 

30 first mesh with down shift tooth H3 and then mesh with 
down shift teeth I3. Thus, the chain 23 is further twisted 
laterally in the direction of the large sprocket side 4Qb 
of the sprocket body 40 to be finally aligned with the 
sprocket body 40. This second curve of the chain 23 is 

35 offset to the large sprocket side 40b of the sprocket body 
40 so that one of the inner link plates 23a is received in 
the recesses 85a of the teeth J3. 
[0070] The teeth K3 are common teeth that drive the 
chain 23. The teeth K3 do not any specific function dur- 

40 ing the down shifting or the up shifting in accordance 
with the present invention. Thus, the teeth K3 will not be 
discussed or illustrated herein in detail. 
[0071] Referring now to Figures 12-15, the sprocket 
S4 has seventeen teeth and has similarly shaped teeth 

45 to the fifteen teeth sprocket S3, discussed above. The 
main difference between the seventeen teeth sprocket 
S4 and the fifteen teeth sprocket S3, discussed above, 
is that the seventeen teeth sprocket S4 has two extra 
common teeth K4. In view of the similarity between the 

50 seventeen teeth sprocket S4 and the fifteen teeth 
sprocket S3, the teeth of the seventeen teeth sprocket 
S4 that have the same function as the teeth of the fifteen 
teeth sprocket S3 are given the identical reference nu- 
merals, but a different subscript number. Thus, the teeth 

55 of the seventeen teeth sprocket S4 will not be discussed 
in detail herein. 

[0072] The sprocket S4 basically has a sprocket body 
40 and a plurality (seventeen) of circumferentially 
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sp£C3d teeth A^-K. extending radially and outwardly 
from en outer periphery' of the sprocket body 40. The 
sprocket body 40 of the sprocket S4 has a first axiai side 
or smai: sprocket side 403 that faces the next smaiier 
sprocket S3 and a second axial side or large sprocket 
side 40b that faces the next larger sprocket S5. The 
center of the sprocket S4 is provided with a spllned bore 
40c that is mounted on the freewheel of the rear hub 
(not shown) in a conventional manner. 
[0073] Selected teeth of sprocket S4 are trimmed in 
substantially the same manner as sprocket S3, ex- 
plained above, so that the chain 23 can be smoothly up 
shifted or down shifted to the adjacent sprockets S3 and 
S5. The consecutive teeth A4-E4 are up shift teeth that 
work together to control the up shifting of the chain 23 
and form a first up shift path. The consecutive teeth F4 
- 14 are down shift teeth that work together to control the 
down shifting of the chain 23 and form a first down shift 
path. While the sprocket S4 is illustrate with only one up 
shift path and only one down shift path, it will be appar- 
ent to those skilled in the bicycle art from this disclosure 
that the sprocket S4 can be provided with two up shift 
paths and two down shift path. 
[0074] Referring now to Figures 16 and 17, the 
sprocket S5 has twenty-one teeth and has similarly 
shaped teeth to the fifteen teeth sprocket S3, discussed 
above. The main difference between the twenty-one 
teeth sprocket S5 and the fifteen teeth sprocket S3, dis- 
cussed above, is that the twenty-one teeth sprocket S5 
has one up shift path and two down shift paths. 
[0075] In view of the similarity between the twenty- 
one teeth sprocket S5 and the fifteen teeth sprocket S3, 
the teeth of the twenty-one teeth sprocket S5 that have 
the same function as the teeth of the fifteen teeth sprock- 
et S3 are given the identical reference numerals, but a 
different subscript number. Thus, the teeth of the twenty- 
one teeth sprocket S5 will not be discussed in detail 
herein. 

[0076] The sprocket S5 basically has a sprocket body 
40 and a plurality (twenty-one) of circumferentially 
spaced teeth A5-K5 extending radially and outwardly 
from an outer periphery of the sprocket body 40. The 
sprocket body 40 of the sprocket S5 has a first axial side 
or small sprocket side 40a that faces the next smaller 
sprocket S4 and a second axial side or large sprocket 
side 40b that faces the next larger sprocket Sg. The 
center of the sprocket S5 is provided with a splined bore 
40c that is mounted on the freewheel of the rear hub 
(not shown) in a conventional manner. 
[0077] Selected teeth of sprocket S5 are trimmed in 
substantially the same manner as sprocket S3, ex- 
plained above, so that the chain 23 can be smoothly up 
shifted or down shifted to the adjacent sprockets S4 and 
Sg. The one consecutive set of teeth A5-E5 are up shift 
teeth that work together to control the up shifting of the 
chain 23 and form the up shift path. The up shift teeth 
B5-E5 of the sprocket S5 are substantially identically to 
the teeth B3-E3 of the sprocket S3, discussed above. 



The up shift tooth A5 of the sprocket S5 is different from 
the first up shift tooth A3 of the sprocket S3, discussed 
above. Rather, the up shift tooth A5 of the sprocket S5 
has a recess on its smai! sprocket side 40a. In other 

5 words, the up shift tooth A5 of the sprocket 85 is similar 
to the teeth J3 of the sprocket S3, discussed above. The 
two consecutive sets of teeth F5 - 15 are down shift teeth 
that work together to control the down shifting of the 
chain 23 and form the two down shift paths. The teeth 

10 F5 - 15 of the sprocket S5 are substantially identically to 
the teeth F3 - 13 of the sprocket S3, discussed above. 

SECOND EMBODIMENT 

15 [0078] Referring now to Figures 23-39, a sprocket as- 
sembly 12' will now be discussed in accordance with a 
second embodiment of the present invention. In this 
second embodiment, the sprocket assembly 12' is an 
eight stage sprocket assembly with sprockets S^' - Sq 

20 being spaced from each other at a predetermined inter- 
val. 

[0079] In this second embodiment, the multistage 
sprocket assembly 12' of the invention has a teeth con- 
figuration of 1 1 T-1 3T-1 5T-1 7T-21 T-25T-29T-33T for the 

25 sprockets S^' - Sq\ respectively Of course, it will be ap- 
parent to those skilled in the bicycle art from this disclo- 
sure that the sprockets S^' - Sq can have other teeth 
configurations. The present invention Is optimized for a 
sprocket having a total number of teeth equaling an odd 

30 number. Of course, it will be apparent to those skilled in 
the bicycle art that the sprockets of the present invention 
can be configured with a total number of teeth equaling 
an even number, as discussed below. 
[0080] The sprocket assembly 12' of the second em- 

35 bodiment uses many of the features of the sprocket as- 
sembly 12 of the first embodiment. Thus, only the differ- 
ences of the sprocket assembly 12' from sprocket as- 
sembly 12 of the first embodiment will be discussed and/ 
or illustrated herein. In view of the similarity between this 

40 embodiment and the sprockets of the first embodiment, 
the teeth of this embodiment that have substantially the 
same function as the teeth of the prior embodiment are 
given the identical referential numerals as the first em- 
bodiment but with a single prime ('). Thus, explanations 

45 of these similar teeth and their operations will be omitted 
from this embodiment. 

[0081] The sprocket S3' mainly differs from that of 
sprockets S3 in that the up shifting path and the down 
shifting path overlap. Thus, in this embodiment, the 

50 down shift teeth are disposed forward of the up shift 
teeth relative to the direction of rotation. In other words, 
the first up shift tooth A3 and the second down shift tooth 
I3 are formed as a first integrated (up/down shift) tooth 
AI3', and the second up shift tooth B3 and the third down 

55 shift tooth I3 are formed as a second integrated (up/ 
down shift) tooth BI3'. However, the second Integrated 
tooth BI3' is basically identical to the second up shift 
tooth B3. Also, up shift tooth C3' - E3 have been modified 
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:n the sprocket S3'. There^ce. on'y teeth Alg. C3 , and 
D3' vAW be discLisssd in dstai! beiou'. 
[OOB23 Referring now to Figures 26A-26C, the first in- 
tegrated tooth AIs' preferably has a base portion defined 
by a pai!" of fiat side surfaces (up shift surfaces) 41 a' and 5 
41b', and a tip portion defined by a pair of angled sur- 
faces 42a' and 42b\ The angled or tapered surfaces 
42a' and 42b' form a circumferential extending tip sur- 
face 43'. A tooth tip is formed by the two angled surfaces 
42a' and 42b' and the circumferential tip surface 43'. The to 
tooth tip of the first integrated tooth Al3' extends parallel 
to the sprocket sides 40a' and 40b'. Also, the tip surface 
43* Is offset to the small sprocket side 40a' of the sprock- 
et body 40'. 

[0083] The flat side surfaces 41 a' and 41b' extend ra- ^5 
dially outwardly from the outer periphery of the sprocket 
body 40'. The flat side surface 41a' is substantially par- 
allel to the sprocket sides 40a' and 40b' of the sprocket 
body 40', while the flat side surface 41b' is angled or 
slanted relative to the sprocket sides 40a' and 40b' of 20 
the sprocket body 40'. The flat side surface 41a' is also 
preferably substantially level or aligned with the small 
sprocket side 40a', while the flat side surface 41b' has 
a trailing edge 44' that is substantially aligned with the 
large side 40b' of the sprocket body 40'. This trailing 25 
edge 44' extends substantially radially from the large 
sprocket side 40b' of the sprocket body 40'. In other 
words, the flat side surface 41 b' Is angled or slanted rel- 
ative to the large sprocket side 40b' of the sprocket body 
40' to form a recess. The recess formed by the flat side 30 
surface 41 b' is flush with the large sprocket side 40b' at 
the trailing edge 44' that is adjacent to the second inte- 
grated tooth BI3' and deeper at the leading edge that is 
adjacent to the down shift tooth H3'. 
[0084] The flat side surface 41a' and the edge 44' of 35 
the first integrated tooth AI3' form a chain alignment por- 
tion of the first integrated tooth AI3'. In other words, when 
a pair of inner link plates 23a are located on the first 
integrated tooth AI3', the flat side surface 41a' and the 
edge 44' engage the inner link plates 23a to prevent lat- 40 
eral or axial movement of the chain 23 relative to the 
sprocket body 40'. 

[0085] Referring now to Figures 27A-27C, the second 
integrated tooth BI3' is configured to permit chain 23 to 
shift to the small sprocket side 40a' of the sprocket body <5 
40' when a pair of inner link plates 23a are engaged 
therewith. The second integrated tooth BI3' preferably 
has a base portion defined by a pair of flat side surfaces 
45a' and 45b', and a tip portion defined by a pair of an- 
gled surfaces 46a' and 46b'. The angled or tapered sur- 50 
faces 46a' and 46b' extend to a circumferential extend- 
ing tip surface 47', The two angled surfaces 46a' and 
46b' can be trimmed to form chamfered surfaces that 
allow the chain 23 to easily move on or off of the second 
integrated tooth BI3'. 55 
[0086] A tooth tip is formed by the two angled surfaces 
46a' and 46b' and the circumferential tip surface 47'. In 
this embodiment, the tip surface 47' extends substan- 



tially parallel to the sprocket sides 40a' and 40b' of the 
sprocket body 40'. Moreover, the tip surface 47' is offset 
to the small sprocket side 40a of the sprocket body 40' 
as seen in Figure 27B. 

[0087] The fiat side surfaces 45a' and 45b' extend ra- 
dially outwardly from the outer periphery of the sprocket 
body 40', and are substantially parallel to the sprocket 
sides 40a and 40b of the sprocket body 40'. The flat side 
surface 45a' is also preferably substantially level or 
aligned with the small sprocket side 40a'. The fiat side 
surface 45b', on the other hand, is recessed from the 
large sprocket side 40b' to form an up shift lean recess 
48'. 

[0088] The up shift lean recess 48' that is sized to ac- 
commodate one of the inner link plates 23a. In other 
words, the up shift lean recess 48' allows the Inner link 
plate 23a of the chain 23 to shift to the small sprocket 
side 40a' of the sprocket body 40' as seen in Figure 39. 
Thus, the up shift lean recess 48' allows the chain 23 to 
be shift laterally or axially relative to the small sprocket 
side 40a' of the sprocket body 40' to permit an up shift. 
The up shift lean recess 48' is preferably circumferen- 
tially slanted to become deeper as the up shift lean re- 
cess 48' approaches the third up shift tooth C3*. The out- 
er periphery of the sprocket body 40' defines a root di- 
ameter of the second Integrated tooth BI3', with the up 
shift lean recess 48' being located mainly radially out- 
ward of the root diameter. A portion of the up shift lean 
recess 48' also lies Inside of the root diameter of the 
second integrated tooth Bis' to form an Inner link plate 
escape 49'. The inner link plate escape 49' has a cur- 
vature that substantially matches the curvature of the 
portions of the inner link plates 23a that contact this ar- 
ea. 

[0089] Referring now to Figures 28A-28C, preferably, 
the third up shift tooth C3' has a base portion defined by 
an angled surface 50' and a pair of flat side surfaces 
51a' and 51 b'. The third up shift tooth C3' has a tip portion 
defined by a pair of angled surfaces 52a' and 52b' and 
a flat radially extending surface 52c'. The angled surfac- 
es 52a' and 52b' and radially extending surface 52c' con- 
verge to form a circumferentlally extending tip surface 
53'. A tooth tip is formed by these surfaces 52a', 52b'. 
52c' and 53'. 

[0090] The flat side surfaces 51a' and 51 b' extend ra- 
dially outwardly from the outer periphery of the sprocket 
body 40' and are substantially parallel to the sprocket 
sides 40a' and 40b' of the sprocket body 40'. The two of 
flat side surfaces 51a' and 51 b' are also preferably sub- 
stantially level or aligned with the small and large 
sprocket sides 40a' and 40b', respectively The flat side 
surfaces 51a' and 51 b' of the third up shift tooth C3' form 
a chain alignment portion of the third tooth C3'. In other 
words, when a pair of inner link plates 23a are located 
on the third tooth the flat side surfaces 51a' and 51 b' 
engage the inner link plates 23a to prevent lateral or ax- 
ial movement of the chain 23 relative to the sprocket 
body 40'. Since the first and third up shift teeth AI3' and 
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C3 are only spaced apa'i by the second integrated tooth 
Bla'. the first and third up shift teeth AW and C3' both 
eithe- engage the inne- link pistes 23a of the chain 23 
or the outer link plates 23b of the chain 23. When the 
inner link plates 23a of the chain 23 are engaged with 
the first and third up shift teeth AI3 and C3', the chain 
23 can not shift laterally into the up shift lean recess 48' 
of the second Integrated tooth BI3'. 
[0091] The angled surfaces 52a' and 52b' and radially 
extending surface 52c' form a notch top that guides the 
inner link plates 23a toward the larger sprocket side 
40b*, the link plates 23a are engaging the third up shift 
tooth C3'. This further ensures that the chain 23 will not 
be up shifted when the link plates 23a are engaging the 
third up shift tooth C3'. 

[0092] The tooth tip surface 53' extends substantially 
parallel to the sprocket sides 40a' and 40b' of the sprock- 
et body 40'. Moreover, the tip surface 53' is offset to the 
small sprocket side 40a' of the sprocket body 40* as 
seen in Figure 28B. 

[0093] Referring now to Figure 28C, the third up shift 
tooth C3' has a pitch formed between the third up shift 
tooth C3' and the fourth up shift tooth D3' that is larger 
than the pitch formed between the second integrated 
tooth BI3' and the third up shift tooth In other words, 
the rearward edge of the third up shift tooth C3' is 
trimmed so that the width W^' of the third up shift tooth 
C3' is smaller than the other up shift teeth that have a 
width Wj*. 

[0094] Referring now to Figures 29A-29C, the fourth 
up shift tooth D3' is configured with an inner link plate 
escape to permit chain 23 to slide between sprockets 
S3' and $2' during an up shift. Specifically, the fourth up 
shift tooth D3' has a base portion defined by a pair of flat 
side surfaces 55a' and 55b' that extend radially outward- 
ly from the outer periphery of the sprocket body 40' and 
are substantially parallel to the sprocket sides 40a' and 
40b' of the sprocket body 40'. The small sprocket side 
40a' of the fourth up shift tooth 03' further has a further 
recessed surface 58' that extends radially outwardly 
from the outer periphery of the sprocket body 40' and is 
substantially parallel to the sprocket sides 40a' and 40b' 
of the sprocket body 40'. The recess 58' extend to the 
fifth up shift tooth £3 to form an outer link plate escape 
or a second up shift recess. 

[0095] The flat side surface 55a' forms an inner link 
plate guide surface. The inner link plate guide surface 
55a' is recessed from the small sprocket side 40a' of the 
sprocket body 40'. The large sprocket side 40b' of the 
fourth up shift tooth D3' has a flat side surface 55b' that 
extends radially outwardly from the outer periphery of 
the sprocket body 40' and is substantially parallel to the 
sprocket sides 40a' and 40b' of the sprocket body 40'. 
The flat side surface 55b' is also preferably substantially 
level or aligned with the large sprocket side 40b'. 
[0096] Chamfered surfaces 56a' and 56b' taper out- 
wardly from the inner link plate guide surface 55a' and 
the flat side surface 55b' to a circumferential tip surface 



57'. The tip surface 57' is thinner than the tip surface 43' 
o* the first integrated tooth Al-'. The tip surface 57' ex- 
tends substantially parallel to the sprocket sides 40a' 
and 40b' of the sprocket body 40'. Moreover, the tip sur- 

5 face 57' is offset to the large sprocket side 40b' of the 
sprocket body 40' as seen in Figure 298. 
[0097] The chamfered surface 56a' forms an inner link 
plate top guide surface that urges the chain towards the 
small sprocket side 40a' when the inner link plates 23a 

10 engage the fourth up shift tooth D3'. 

[0098] At the Inner edge of the inner link plate guide 
surface 55a is a curved surface 59' that forms the inner 
link plate escape to permit chain 23 to slide between 
sprockets S3 and S2 during an up shift. The curved sur- 

15 face 59' has a curvature that substantially matches the 
curvature of the portion of the inner link plates 23a that 
contact this area. 

[0099] Referring now to Figures 30A-30C. the fifth up 
shift E3' preferably has a base portion defined by a pair 

20 of flat side surfaces 61 a' and 61 b' and one angled sur- 
face 62b' extending from the flat side surface 61b' to 
form a circumferentially extending tip surface 63'. As 
seen in Figures 30A and 308, the angled surface 62b' 
can be trimmed to form chamfered surfaces that allow 

25 the chain 23 to easily move on or off of the tooth £3*. 
The tip surface 63' is disposed adjacent the large 
sprocket side 40b' of the sprocket S3'. Preferably, the tip 
surface 63* of the tooth E3 extends parallel to the first 
and second axial sides 40a' and 40b' of the sprocket 

30 body 40' and is offset to the large sprocket side 40b' of 
the sprocket S3'. 

[0100] The flat side surfaces 61a' and 61b' extend ra- 
dially outwardly from the outer periphery of the sprocket 
body 40', and are substantially parallel to the sprocket 

35 sides 40a' and 40b' of the sprocket body 40'. The flat 
side surface 61 b' is also preferably substantially level or 
aligned with the large sprocket side 40b'. The flat side 
surface 61a', on the other hand, is recessed from the 
large sprocket side 40b'. Thus, the side surface 61a' on 

40 the small sprocket side 40a' of the tooth E3' lies on the 
same level as recessed surface 55a' of the fourth up 
shift tooth D3' 

[0101] Referring now to Figures 31 and 32, the 
sprocket S4' has seventeen teeth and has similarly 

45 shaped teeth to the seventeen teeth sprocket S4, dis- 
cussed above. The main difference between the seven- 
teen teeth sprocket S4' and the seventeen teeth sprock- 
et S4, discussed above, is that the seventeen teeth 
sprocket S4 has two extra down shift teeth J4. In view of 

50 the similarity between the seventeen teeth sprocket S4' 
and the seventeen teeth sprocket S4, the teeth of the 
seventeen teeth sprocket 84* that have the same func- 
tion as the teeth of the seventeen teeth sprocket S4 are 
given the identical reference numerals, but a different 

55 subscript number. Thus, the teeth of the seventeen teeth 
sprocket 84* will not be discussed In detail herein. 
[0102] The sprocket S4' basically has a sprocket body 
40' and a plurality (seventeen) of circumferentially 
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spaced testh - K^' extending radiaHy and outwardly 
from an outer periphery' of the sprocket body 40'. The 
sprocket body 40' of the sprocket S4* has a first axial 
side or small sprocket side 40a' that faces the next 
smaller sprocket S3' and a second axial side or large 
sprocket side 40b* that faces the next larger sprocket 
S5'. The center of the sprocket S4' is provided with a 
splined bore 40c' that is mounted on the freewheel of 
the rear hub (not shown) in a conventional manner 
[0103] Selected teeth of sprocket S4' are trimmed in 
substantially the same manner as sprocket S4, ex- 
plained above, so that the chain 23 can be smoothly up 
shifted or down shifted to the adjacent sprockets S3' and 
S5'. The consecutive teeth A4'-E4' are up shift teeth that 
work together to control the up shifting of the chain 23 
and form a first up shift path. The consecutive teeth F4' 
- 14* are down shift teeth that work together to control the 
down shifting of the chain 23 and form a first down shift 
path. While the sprocket S4 is illustrate with only one up 
shift path and only one down shift path, it will be appar- 
ent to those skilled in the bicycle art from this disclosure 
that the sprocket S4' can be provided with two up shift 
paths and two down shift path. 
[0104] Referring now to Figures 33 and 34. the 
sprocket S5' has twenty-one teeth and has similarly 
shaped teeth to the fifteen teeth sprocket S3', discussed 
above. The main difference between the twenty-one 
teeth sprocket S5' and the fifteen teeth sprocket S3', dis- 
cussed above, is that it has more teeth and the tooth E5' 
is configured as in the sprocket 83', i.e., the flat side sur- 
face 61a' is at the same level as the flat side surface 
55a'. 

[0105] In view of the similarity between the twenty- 
one teeth sprocket S5 and the fifteen teeth sprockets 
S3 and S3*, the teeth of the twenty-one teeth sprocket 
S5' that have the same function as the teeth of the fifteen 
teeth sprocket S3' are given the identical reference nu- 
merals, but a different subscript number. Thus, the teeth 
of the twenty-one teeth sprocket S5' will not be dis- 
cussed in detail herein. 

[01 06] The sprocket S5' basically has a sprocket body 
40 and a plurality (twenty-one) of circumferentlally 
spaced teeth A5' - K5' extending radially and outwardly 
from an outer periphery of the sprocket body 40'. The 
sprocket body 40' of the sprocket S5' has a first axial 
side or small sprocket side 40a' that faces the next 
smaller sprocket S4' and a second axial side or large 
sprocket side 40b' that faces the next larger sprocket 
Sq. The center of the sprocket Sg is provided with a 
splined bore 40c' that is mounted on the freewheel of 
the rear hub (not shown) in a conventional manner. 
[0107] Selected teeth of sprocket S5' are trimmed in 
substantially the same manner as sprockets S3 and/or 
S3*, explained above, so that the chain 23 can be 
smoothly up shifted or down shifted to the adjacent 
sprockets S4' and Sq. 

[0108] Referring now to Figures 35 and 36, the 
sprocket Sc* has twenty-five teeth and has similarly 



shaped teeth to the twenty-one teeth sprocket Sq\ dis- 
cussed above. The main difference between the twenty- 
five teeth sprocket Sg and the twenty-one teeth sprocket 
S5', discussed above, is that the twenty-five teeth 
5 sprocket Sg has two up shift paths and two down shift 
paths. 

[0109] In view of the similarity between the twenty-five 
teeth sprocket Sg and the sprocket 85', the teeth of the 
twenty-five teeth sprocket S5' that have the same func- 

10 tion as the teeth of the sprocket S5' are given the iden- 
tical reference numerals, but a different subscript 
number. Thus, the teeth of the twenty-five teeth sprocket 
Sq will not be discussed in detail herein. 
[0110] The sprocket Sg' basically has a sprocket body 

15 40* and a plurality (twenty-five teeth) of circumferentially 
spaced teeth As' -Kg' extending radially and outwardly 
from an outer periphery of the sprocket body 40'. The 
sprocket body 40' of the sprocket Sg' has a first axial 
side or small sprocket side 40a' that faces the next 

20 smaller sprocket S4' and a second axial side or large 
sprocket side 40b' that faces the next larger sprocket 
Sg'. The center of the sprocket Sg' is provided with a 
splined bore 40c' that is mounted on the freewheel of 
the rear hub (not shown) in a conventional manner. 

25 

SPROCKET WITH EVEN TEETH CONFIGURATION 

[0111] Referring now to Figures 40 and 41 , a sprocket 
S5" is illustrated in accordance with the present inven- 

30 tion. The sprocket S5" utilizes the principles of the 
present invention as discussed relative to the sprockets 
S3 - S5. In view of the similarity between this embodi- 
ment and the sprockets of the two prior embodiments, 
the teeth of this embodiment that have the same func- 

35 tion as the teeth of the prior embodiment are given the 
identical referential numerals as the first embodiment 
but with a double prime ("). Thus, explanations of these 
similar teeth and their operations will be omitted from 
this embodiment. 

40 [0112] The sprocket S5" can be used instead of either 
sprocket Sg or Sg* in the prior embodiments. The sprock- 
et 85" basically has a sprocket body 40" and a plurality 
(twenty) of circumferentially spaced teeth Ag" - 
Kg" extending radially and outwardly from an outer pe- 

45 riphery of the sprocket body 40". Thus, the sprocket 
Sg" has a total number of teeth equaling an even 
number Since the sprocket Sg" has an even number of 
teeth, the sprocket Sg" has two sets of up shift teeth so 
that a pair of up shift paths are formed. The first set of 

50 up shift teeth forming the first up shift path Is circumfer- 
entially spaced from the second set of up shift teeth 
forming the second up shift path. The spacing between 
the two up shift paths is such the only one of the up shift 
paths can be used depending on how the chain 23 was 

55 shifted onto the sprocket Sg". In other words, only one 
of the second up shift teeth Bg" will be engage with a 
pair of inner link plates 23a, while the other the second 
up shift teeth Bg" will be engage with a pair of outer link 
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pistes 23b. 

The terms of degree such as "substantially", 
''about" and ' approximately" as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. These 
terms should be construed as including a deviation of ± 
5% of the modified term if this would not negate the 
meaning of the word it modifies. 
[0114] While only selected embodiments have been 
chosen to illustrate the present invention, it will be ap- 
parent to those skilled in the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined In the appended claims. 



Ctatms 

1! . A sprocket (S) for a multi-stage sprocket assembly 
(12) of a bicycle (10) comprising: 

a sprocket body (40) having a first axial side 
(40a) and a second axial side (40b); and 
a plurality of circumferentially spaced teeth 
(A3-K3) extending radially and outwardly from 
an outer periphery of said sprocket body (40), 
said teeth (A3-K3) including 

a plurality of up shift teeth (A3-E3) includ- 
ing a first up shift tooth (A3), a second up 
shift tooth (B3) located adjacent said first 
up shift tooth (A3) and a third up shift tooth 
(C3) located adjacent said second up shift 
tooth (B3), 

said first, second and third up shift teeth (A3, 
B3. C3) being so dimensioned to maintain align- 
ment of a bicycle chain (23) to prevent an up shifting 
of the chain (23) when an outer link plate (23b) of 
the bicycle chain (23) meshes with said second up 
shift tooth (B3), and to shift the bicycle chain (23) 
when an inner link plate (23a) meshes with said sec- 
ond up shift tooth (B3) along a first up shift path. 

2. A sprocket (S) according to claim 1 , wherein 

said first up shift tooth (A3) has a first flat up 
shift surface {41b) substantially aligned with 
said second axial side (40b) of said sprocket 
body (40), 

said second up shift tooth (B3) has a first up 
shift lean recess (48) in said second axial side 
(40b) of said sprocket body (40). and 
said third up shift tooth (C3) has a second fiat 
up shift surface (51 b) substantially aligned with 
said second axial side (40b) of said sprocket 
body (40). 



3. A sprocket (S) according to claim 1 or claim 2, 
wherein 

said up shift teeth (A3-E3) further incluae a 
fourth up shift tooth (D3) located adjacent said thi.'^d 
5 up shift tooth (C3) such that said first, second, third 
and fourth up shift teeth (A3, B3. C3, D3) form said 
first up shift path. 

4. A sprocket (S) according to claim 3, wherein 

10 said fourth up shift tooth (D3) has a second 

up shift recess (58) in said first axial side (40a) of 
said sprocket body (40) forming an inner link plate 
up shift guide surt'ace (55a). 

15 5. A sprocket (S) according to any preceding claim, 
wherein 

said first up shift tooth (A3) has a tip (42a, 42b, 
43) that extends substantially parallel to said first 
and second axial sides {40a, 40b) of said sprocket 
20 body (40). 

6. A sprocket (S) according to claim 5, wherein 

said tip (42a, 42b, 43) of said first up shift tooth 
(A3) is centered between said first and second axial 
25 sides (40a, 40b) of said sprocket body (40). 

7. A sprocket (S) according to claim 5, wherein 

said tip (42a. 42b, 43) of said first up shift tooth 
(A3) is offset towards one of said first and second 
30 axial sides (40a, 40b) of said sprocket body (40). 

8. A sprocket (S) according to claim 7. wherein 

said tip (42a, 42b, 43) of said first up shift tooth 
(A3) is offset towards said first axial side (40a) of 
35 said sprocket body (40). 

9. A sprocket (S) according to any preceding claim, 
wherein 

said second up shift tooth (B3) has a tip (46a, 
40 46b, 47) that extends substantially parallel to said 
first and second axial sides (40a, 40b) of said 
sprocket body (40). 

10. A sprocket (S) according to claim 2, or any of claims 
45 3 to 9 when dependent on claim 2, wherein 

said first up shift lean recess (48) of said sec- 
ond up shift tooth (B3) is circumferentially slanted 
to become deeper as said first up shift lean recess 
(48) approaches said third up shift tooth (C3). 

50 

1 1 . A sprocket (S) according to claim 2. or any of claims 
3 to 10 when dependent on claim 2. wherein 

said outer periphery of said sprocket body 
(40) defines a root diameter of said up shift teeth 
55 (A3-E3), and said first up shift lean recess (48) of 
said second up shift tooth (B3) is located radially 
outward of said root diameter. 
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12. A sprocket (S) according to any preceding claim, 
ivherein 

said third up shift tooth (C3) has a tip (52a, 
52b, 52c, 53) that extends substantially parallel to 
said first and second axial sides (40a, 40b) of said 
sprocket body (40). 

13. A sprocket (S) according to any of claims 2 to 12, 
wherein 

said third up shift tooth {C3) has a radial height 
with an inner link plate sliding surface (52b) extend- 
ing along approximately half of said radial height of 
said third up shift tooth (C3) on said second axial 
side (40b) of said sprocket body (40) and being dis- 
posed radially outward of said second flat up shift 
surface (51b). 

14. A sprocket according to claim 2, or any of claims 3 
to 12 when dependent on claim 2. wherein 

said third up shift tooth (C3) has an inner link 
plate sliding surface (52b) disposed in said second 
axial side (40b) of said sprocket body (40) and dis- 
posed radially outward of said second flat up shift 
surface (51b). 

15. A sprocket (S) according to claim 1, wherein 

said third up shift tooth (C3) has a first up shift 
surface (51 a) substantially aligned with said first ax- 
ial side (40a) of said sprocket body (40). 

16. A sprocket (S) according to claim 15, wherein 

said third up shift tooth (C3) has a second up 
shift surface (51b) substantially aligned with said 
second axial side (40b) of said sprocket body (40). 

17. A sprocket (S) according to claim 16. wherein 

said first up shift tooth (A3) has a third up shift 
surface (41a) substantially aligned with said first ax- 
ial side (40a) of said sprocket body (40). 

18. A sprocket (S) according to claim 17, wherein 

said first up shift tooth (A3) has a fourth up 
shift surface (41b) substantially aligned with said 
second axial side (40b) of said sprocket body (40). 

19. A sprocket (S) according to claim 2, wherein 

said third up shift tooth (C3) has an outer link 
plate guide surface (52b) disposed in said second 
axial side (40b) of said sprocket body (40). said out- 
er link plate guide surface (52b) slanting from said 
second flat up shift surface (51b) as said outer link 
plate guide surface (52b) approaches towards said 
first axial side (40a) of said sprocket body (40). 

20. A sprocket (S) according to claim 3, wherein 

said third up shift tooth (C3) has a pitch 
formed between said third up shift tooth (C3) and 
said fourth up shift tooth (D3) that is larger than a 



pitch formed between said second up shift tooth 
(B3) and said third up shift tooth (C3). 

21. A sprocket (S) according to claim 3, wherein 

5 said fourth up shift tooth (D3) has an inner link 

plate guide surface (55a) formed at its tip (56a, 56b, 
57) and slanted radially inward from said tip (56a, 
56b, 57) of said fourth up shift tooth (D3) towards 
said first axial side (40a) of said sprocket body (40). 

10 

22. A sprocket (S) according to claim 21, wherein 

said fourth up shift tooth (D3) has an inner link 
plate escape recess (59) formed on said first axial 
side (40a) of said sprocket body (40) and located 
15 radially inward of said inner link plate guide surface 
(55a). 

23. A sprocket (S) according to claim 22, wherein 

said fourth up shift tooth (D3) has an up shift 
20 recess (58) disposed on said first axial side (40a) 
of said sprocket body (40), said up shift recess (58) 
of said fourth up shift tooth (D3) being deeper than 
said inner link plate escape recess (59) relative to 
said first axial side (40a) of said sprocket body (40). 

25 

24. A sprocket (S) according to claim 3. wherein 

said fourth up shift tooth (D3) has an inner link 
plate escape recess (59) formed on said first axial 
side (40a) of said sprocket body (40). 

30 

25. A sprocket (S) according to any preceding claim, 
wherein 

said teeth (A3-K3) include a plurality of down 
shift teeth (F3-I3) that are trimmed to form a first 
35 down shift path. 

26. A sprocket (S) according to claim 25. wherein 

said first axial side (40a) of said sprocket body 
(40) has a first down shift guide recess (71 ) that ex- 
40 tends along at least one of said down shift teeth 
(F3-I3). 

27. A sprocket (S) according to claim 26, wherein 

said first axial side (40a) of said sprocket body 
45 (40) has a second down shift guide recess (72) that 
extends along at least one of said down shift teeth 
(F3-I3) that is adjacent to said first down shift recess 
(71). said second down shift guide recess (72) be- 
ing deeper than said first down shift recess (71 ) rel- 
50 ative to said first axial side (40a) of said sprocket 
body (40). 

28. A sprocket (S) according to ciaim 27, wherein 

said down shift teeth (F3-I3) include first, sec- 
55 ond and third down shift teeth (H3. 13) that are con- 
secutively arranged to form a part of said first down 
shift path and disposed behind said first and second 
down shift guide recesses (71. 72) relative to the 
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direction of rotation. 

29. A sprooket (S) according to ciaini 25, wherein 

said down shift teeth (F3-13) include a first 
down shift tooth (H3) with a first down shift lean re- 5 
cess (81b) formed on said second axial side (40b) 
of said sprocket body (40). 

30. A sprocket (S) according to claim 29, wherein 

said down shift teeth (F3-I3) include a second 
dov^n shift tooth (13) with a second down shift lean 
recess formed in said second axial side (40b) of 
said sprocket body (40), said second down shift 
tooth (13) being located adjacent said first down shift 
tooth (H3). ^5 

31. A sprocket (S) according to claim 30, wherein 

said down shift teeth (F3-I3) include a third 
down shift tooth with a third down shift lean recess 
formed in said second axial side (40b) of said 20 
sprocket body (40), said third down shift tooth teeth 
being located adjacent said second down shift 
tooth. 

32. A sprocket (S) according to claim 31 , wherein 25 

said first axial side (40a) of said sprocket body 
(40) has a first down shift guide recess (71 ) that ex- 
tends along said down shift teeth (F3-I3) that is dis- 
posed adjacent and forward of said first down shift 
tooth (H3) relative to the direction of rotation. 

33. A sprocket (S) according to claim 32, wherein 

said first axial side (40a) of said sprocket body 
(40) has a second down shift guide recess (72) that 
extends along at least one of said down shift teeth 35 
(F3-I3) that is adjacent to said first down shift recess 
(71), said second down shift guide recess (72) be- 
ing deeper than said first down shift guide recess 
(71) relative to said first axial side (40a) of said 
sprocket body(40). 

34. A sprocket (S) according to any of claims 25 to 33, 
wherein 

said down shift teeth (F3-I3) are disposed be- 
hind said up shift teeth (A3-E3) relative to the direc- -^5 
tion of rotation. 

35. A sprocket (S*) according to any of claims 25 to 33. 
wherein 

said down shift teeth (F3-I3) and said up shift 50 
teeth (A3-E3) overlap such that at least one said up 
shift teeth (A3-E3) also forms one of said down shift 
teeth {F3-I3). 

36. A sprocket (S*) according to claim 35. wherein 55 

two of said up shift teeth (A3-E3) also form 
two of said down shift teeth (F3-I3). 



37. A sprocket (S') according to claim 36, wherein 

said first up shift tooth (A3) and said second 
down shift tooth (13) are formed as a first integrated 
tooth (AI3*). and said second up shift tooth (B3) and 
said third down shift tooth (13) are formed as a sec- 
ond integrated tooth (BI3'). 

38. A sprocket (S') according to claim 37, wherein 

said first integrated tooth (AI3') has a substan- 
tially radially extending edge (44') that is substan- 
tially aligned with said second axial side (40b*) of 
said sprocket body (40'). 

39. A sprocket (S') according to claim 38, wherein 

said third up shift tooth (C3') has a flat up shift 
surface (51b') substantially aligned with a substan- 
tially radially extending edge that is substantially 
aligned with said second axial side (40b') of said 
sprocket body (40'), and a slanted surface (50') ex- 
tending from said radially extending edge of said flat 
up shift surface (51 b') to form a recess on said sec- 
ond axial side (40b) of said third up shift tooth (C3'). 

40. A sprocket (S') according to any preceding claim, 
wherein 

said up shift teeth further include a second up 
shift path fonned by an additional set of up shift 
teeth that are circumferentially spaced said up shift 
teeth forming said first up shift path. 

41. A sprocket (S) according to claim 40, wherein 

said sprocket body (40) has a total number of 
said teeth (A3-K3) equaling an even number. 

42. A sprocket (S) according to claim 40 or claim 41, 
wherein 

said teeth (A3-K3) include a plurality of down 
shift teeth (F3-13) that are trimmed to form a pair of 
circumferentially spaced down shift paths. 

43. A sprocket (S) according to any of claims 1 to 40, 
wherein 

said sprocket body (40) has a total number of 
said teeth (A3-K3) equaling an odd number. 

44. A sprocket (S') for a multi-stage sprocket assembly 
(12) of a bicycle (10) comprising: 

a sprocket body (40') having a first axial side 
(40a') and a second axial side (40b'); and 
a plurality of circumferentially spaced teeth 
(A3'-K3', AI3'. BI3') extending radially and out- 
wardly from an outer periphery of said sprocket 
body (40). said teeth (A3'-K3'. AI3'. B13') includ- 
ing 

a first shift tooth (AI3') having a first inner 
link plate alignment surface (41 b') substan- 
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tisliy aligned with said second axia! side 
(4Cb*)of said sprocket body (4C') and a firet 
down shift lean recess (41b') in said sec- 
ond axial side (40b*) of said sprocket body 
(40'). 

a second shift tooth (B13*) having an up/ 
down shift lean recess (48*) in said second 
axial side (40b*) of said sprocket body (40*) 
and being disposed adjacent said first shift 
tooth (AI3') in an opposite direction of rota- 
tion, 

a third tooth (C3') having a second inner 
link plate alignment surface (51 b*) substan- 
tially aligned with said second axial side 
(40b') of said sprocket body (40') and being 
disposed adjacent said second shift tooth 
(BI3') in an opposite direction of rotation, 
a fourth tooth (D3') having a first up shift 
recess (55A*) in said first axial side (40a') 
of said sprocket body (40') forming an inner 
link plate up shift guide surface and being 
disposed adjacent said third shift tooth 
(C3') in an opposite direction of rotation, 
a fifth tooth (H3') having a second down 
shift lean recess in said second axial side 
(40b') of said sprocket body (40') and being 
disposed adjacent said first shift tooth 
(AI3') in the direction of rotation, and 

said first, second, third and fourth shift teeth 
(AI3', BI3', C3', D3') forming an up shift path and 
said first, second and fifth teeth (AI3'. BI3*, H3') 
forming a down shift path. 
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a multi-stage sprocket assembly (1 2) in accord- 
ance with claim 45. 

47. An automatic shifting assembly according to claim 
46, wherein 

said chain shifting device (27, 28) is a motor- 
ized rear derailieur (28). 

48. An automatic shifting assembly according to claim 
46 or claim 47, wherein 

said speed sensing unit (29. 30) includes a 
magnet (30) and a magnetically operable sensor 
(29). 



45. A multi-stage sprocket assembly (12) for a bicycle 35 
(10) comprising: 

a small sprocket having an outer periphery with 
a plurality of circumferentially spaced teeth; 
and 

a large sprocket disposed adjacent said small 
sprocket to rotate together in a direction of ro- 
tation; 

said large sprocket being a sprocket (S) in ac- 45 
cordance with any preceding claim. 

46. An automatic shifting assembly for a bicycle (10) 
comprising: 

50 

an automatic shift control unit (25); 
a speed sensing unit (29) operatively coupled 
to said automatic shift control unit (25) to pro- 
vide a signal indicate a current speed; 
a chain shifting device (27, 28) operatively cou- 55 
pled to said automatic shift control unit (23) to 
move a chain (23) in response to a shift signal 
from said automatic shift control unit (25); and 
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